Introduction
To meet the global demand for low cost, disposable and adaptive biomedical technology, it is very important to achieve strategic convergence of different technologies such as nanotechnology, medicine and manufacturing processes. Over the last few years, there have been some signicant advances in the development of new and innovative products in an attempt to realize this demand. Most of the effort is in the eld of developing biosensors which constitute a US$12.9 billion market and is projected to expand to US$21.17 billion by 2023.
1 For example, biosensors are particularly applicable in testing blood glucose levels, HIV, and early cancer detection, which are areas of great medical relevance. 2 The upsurge in applications of biosensors is mainly driven by the need for advanced diagnostic solutions for the rising number of prevalent diseases requiring ultrasensitive detection. Biosensors, in simple terminology, can be dened as substrates (plastic, polymer, silicon or fused quartz) onto which 'capture' probes are attached to detect the 'target' (e.g., biological pathogens, gene sequences, illegal drugs, chemical toxins or environmental pollutants). They present a powerful molecular technology allowing selective and sensitive detection of small changes in target molecule concentrations for accurate diagnosis. A general on-going aim is to achieve this also within shorter sample processing times. However, to achieve these goals a comprehensive chemical and physical analysis is required in nalizing the biosensor design, including optimal selection of substrate, surface functionalization and detection system.
Biosensor substrates should ideally be inexpensive, mass producible, easily adaptable to detecting other biological agents, robust, and simple to use. Additionally, for some applications, it is crucial to create a biocompatible environment for further functionalization, such as attaching bioactive molecules. 3 Keeping in mind these prerequisites, we have established an innovative laser based approach to manufacture low cost, stable and functionalized biocompatible polymer substrates.
Polydimethylsiloxane (PDMS), poly(methylmethacrylate) (PMMA), polycarbonate (PC), polyester (PES) and polystyrene (PS) are the most common polymers used to fabricate biomedical devices. However, to address the ongoing challenges of cost, suitable physical, chemical and biological properties, biomaterial scientists have become adaptive in their choice of substrate materials. Recently, cyclic olen polymers (COPs), have emerged as a promising substrate for biomedical devices and lab-on-achip applications, 4,5 because of their exceptional properties, such as mechanical strength, high chemical resistance, optical transparency and low auto uorescence thereby allowing efficient optical detection. Additionally, this class of polymers are compliant with USP class VI and/or ISO 10993 standards, "Biological Evaluation of Medical Devices". 6 The next step aer choosing a suitable substrate is the device fabrication. Techniques such as photolithography, electron beam lithography and reactive ion etching offer the ability to imprint micro/nanoscale features, allowing reduction in the size of the analytical system as well as analyte detection time period. While these techniques permit a degree of control over morphology, they involve a series of processes (dening pattern, material deposition, plasma cleaning, li off and etching) which render them less viable for device commercialization. In this work, we have utilized direct laser writing technology on COP for device manufacturing. To the best of our knowledge, very few studies have examined the feasibility of using industrial 1064 nm Nd:YAG lasers for the processing of COP. 7, 8 Some important advantages of this technology are that it is fast, reproducible, clean, cost effective and produces a readily modiable surface through micro-and nanoscale structures in one step.
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Aer the substrate processing, the next challenging issues are to impart biofunctionality to the device substrate 10 and enhance device sensitivity. In this context, nanomaterials have successfully replaced traditional dyes/uorophores because of their exquisite material and optical properties imparting sensitivity in chemical and biological sensing.
11 Advances in nanomaterial synthesis have produced a plethora of chemical and physical techniques that can be employed to produce nanoparticles (NPs). Of these, the Pulsed Laser Ablation in Liquids (PLAL) technique is gaining a lot of interest because the nanomaterials produced are surfactant-free with "bare" nanomaterial surfaces.
12,13 During PLAL, an intense laser beam irradiates the surface of a solid target resulting in plasma plume generation at the liquid-solid interface, with ejection/formation of nanoclusters of the constituent material in the conning medium, thereby leading to formation of ultrapure colloidal nanoparticles in solution.
14 The resulting bare surface of the NPs is highly desirable for further functionalization as it favors access to the NP's surface active sites. Additionally, the absence of ligand or stabilizer molecules on the surface of PLAL-NPs, promotes higher chemical activity in comparison to conventionally synthesized NPs. 15 In this work, we have synthesized ligand-free carbon nanoparticles (CNps) via PLAL and applied them as the functional material on our laser patterned substrates. CNps were chosen because of their superior biological properties such as low toxicity, biocompatibility and their successful demonstration in bioimaging, biosensor and biomolecular/drug delivery applications.
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To adopt these substrates for bio-applications, it is imperative to study their biocompatibility using in vitro tests with a model cell line. Creating bio-functional substrates is crucial for biosensing applications, as apart from providing the physical support, the functional groups or nanoparticles immobilized on the surface function as a biomimetic platform with the ability to interact with different biological entities (e.g. DNA, antibodies etc.). Numerous successful biocompatibility studies have been performed on pristine COP lm, [18] [19] [20] and the result opens up the possibility of using COP as bio-platform in sensing and diagnostic applications. However, there has been no studies on CNp functionalized laser patterned COP substrates. Hence, to establish the use of our novel substrates for biological applications, we performed cell viability studies using human skin keratinocyte cell line, HaCaT, derived from immortalized human keratinocytes. This cell line is considered an appropriate model for studying the factors that might regulate keratinocytes growth and toxicity, 21 as it showcases morphological and functional properties of normal epidermal keratinocytes including proliferation and differentiation.
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To summarize, 1064 nm Nd:YAG laser was employed under ambient conditions to fabricate different patterns on COP with varied features (e.g., size, shape, morphology, etc.) by tuning laser parameters (e.g., laser uence, number of passes). Scanning electron microscopy and 3D optical prolometry was performed to examine the surface morphology and for dimensional analysis of the microchannels. X-ray photoelectron spectroscopy (XPS) and Nuclear Magnetic Resonance (NMR) spectroscopy were performed to examine the nature of chemical bonding and the interactions of laser processing on the surface chemistry of COP. To overcome the inherent hydrophobicity of COP surfaces, a systematic investigation on the effect of different plasma treatments was carried out on surface of COP. Subsequently, the laser textured substrate was functionalized with ultrapure CNps via PLAL technique and were characterized by spectroscopy techniques (UV-Vis, photoluminescence) and Transmission Electron Microscopy. Finally, to conrm their applicability as low cost biomimetic platform for adaptive biomedical technology, in vitro cell viability studies using a model cell line (human skin keratinocyte, HaCaT) were performed.
Materials and methods

Materials
ZeonorFilm ZF14-188 (Zeon) cyclic olen polymer (188 mm thick) purchased from Ibidi, Germany, was used as the device substrate material. Prior to laser processing the polymer sheet was cut (2 Â 2 cm) and cleaned with isopropanol (Sigma Aldrich) in an ultra-sonication bath, rinsed with deionized water (Milli-Q water purication system) and dried using compressed clean dry air to ensure that the lm was pristine and free from any surface impurities. For nanoparticle generation, a graphite target with 99.999% purity was obtained from Sigma Aldrich in cylindrical form with a diameter of 6 mm and cut to a height of 8 mm with a diamond blade saw.
Substrate patterning
A 1064 nm Q-switched, diode-pumped solid-state neodymiumdoped yttrium aluminum garnet laser (Nd:YAG) from BrightSolutions 1064 WEDGE HF (Fig. 1A) was employed for the direct laser process.
A 2D scanning galvanometer (Raylase SS-12) was used to raster the beam in the xy-plane, and a movable z-stage (PI M-404 4PD) was used to control the position of the sample. The laser beam was focused to a spot size of 140 mm and scanned unidirectionally across the sample at a speed of 1.2 mm s À1 to form parallel channels separated by 200 mm. The COP lms were mechanically fastened to the sample stage for the duration of processing. Further details of the processing parameters are listed in Fig. 1B .
Nanoparticle synthesis
Laser ablation experiments were carried out using the same laser as for direct laser writing experiments on COP substrates. For the generation of carbon nanoparticles, the graphite target (99.999% pure from Sigma Aldrich) in cylindrical form with a diameter of 6 mm and height of 8 mm was placed on the bottom of a glass cuvette (dimensions 10 Â 10 Â 50 mm). The cuvette was lled with 2 mL deionized water (DI water) which corresponded to 1 cm of liquid above the at circular surface of the target. The laser beam (repetition rate: 10 kHz) was focused onto the target material using a lens with a focal length of 30 cm. During all of the experiments, the graphite target was held in the focal plane of the laser beam. A 2-dimensional scanning galvanometer was used to scan the laser beam across the top of the graphite target in a circular pattern, at a scan rate of 1.2 mm s À1 .
The laser uence was measured experimentally using a 30A-P-17 OPHIRÒ power meter. For the production of CNps, the ablation was carried out at 0.71 J cm À2 uence for a 30 min irradiation time. The formation of carbon nanostructures could be visualized by the slight change of the color (from transparent to varying tones of grey) of the liquid during ablation. However, it should be noted that changes in the color of the colloidal solution were only recorded for high uence aer a few minutes of ablation. The characterization measurements were performed one day aer preparation of the colloids.
Sample preparation
Two-step sample preparation was used in which plasma treatments of laser textured COP is conducted rst and the nanoparticle deposition is done aerwards.
To increase hydrophilicity and facilitate the NP deposition on substrates, a systematic investigation was carried out to study the effect of the different plasma treatments on the surface wettability of the substrates. Four different plasma treatments were conducted to tune the hydrophilicity of the substrate, (i) 5 minute Ar/O 2 reactive ion etch (RIE) (Oxford Instruments PlasmaPro 80 RIE tool), (ii) 5 minute O 2 plasma clean, (iii) 10 minute O 2 plasma clean, (iv) piranha (sulphuric acid/hydrogen peroxide at 4 : 1) etch clean followed by 5 minute O 2 plasma clean. Treatment (ii) to (iv) were conducted using a Harrick PDC-32G plasma cleaner.
Following the plasma treatment, the colloid was deposited onto the laser patterned substrates to functionalize the textured pattern. Drop-casting, a straightforward and easy deposition method, was employed. Nanoparticle dispersion was spread onto a substrate, and le for evaporation under controlled conditions (37 C) in an incubator from Mason Technology. The lm thickness could be tuned with the volume and concentration of NP dispersion.
2.5. Characterization 2.5.1. Substrate characterization. Surface topographies were examined by Scanning Electron Microscopy using an EVO LS15 (Zeiss) with a LaB 6 lament, accelerating voltage of 10 kV, and a beam current intensity of 25 pA. Samples were gold coated using a ScanCoat Six (Edwards) sputter coater set at a deposition current of 25 mA for 80 s, resulting in a coating thickness of 34 nm. The shape of the micro-channels was examined by imaging the cross-sectional SEM.
The contact angles (q) of laser treated olen polymer surfaces were measured with a sessile drop goniometer (FTÅ 200 angstrom, USA) using DI water in atmospheric conditions. The prole of the microchannels was examined using a VHX-2000 (Keyence) 3D Optical Microscope. A 68 nm-thick lm of gold was coated onto the sample substrates using the ScanCoat Six sputter, to reduce the transmission in the visible range by approximately 90%
23 and allow the sample surface to be imaged optically. Images were taken at steps of 0.43 mm from the base of the channel upwards at 1000Â magnication with the error bars calculated for a 90% condence interval.
X-ray photoelectron spectroscopy (XPS) measurements were carried out on a load-locked Kratos XSAM 800 apparatus equipped with a dual anode X-ray source using a nonmonochromatic AlKa radiation (photon energy 1486.6 eV) and a 150 mm hemispherical analyzer giving a total instrumental resolution of 0.85. All spectra were calibrated using the C 1s photoelectron component peak of amorphous carbon (284.8 eV) present in the sample and data analysis was performed with Casa XPS soware. The sample area analyzed was around 1 Â 1 cm with 4-8 nm the maximum analysis depth. The resolution of binding energy is estimated to be within AE0.2 eV. Wide-scan XPS spectra show no impurities were induced in the samples during preparation or measurement ( Fig. 1S in ESI †). It should be noted that the sample was not prepared under ultra-high vacuum conditions, hence the tting of spectrum for COP_ pristine sample could not be achieved respect to the theoretical one.
2.5.2. Nanoparticle characterization. Optical absorption spectra were recorded in a quartz cuvette (10 mm path length, Helma) with a Varian Cary 50 UV-Vis spectrophotometer. The optical spectra were scanned within the range 200-1200 nm at 600 nm min À1 scan rate with correction for water absorption.
Photoluminescence of the colloidal solution was measured using a Jasco FP-8500 uorescence spectrometer. Transmission Electron Microscopy (TEM) was performed with a FEI Titan instrument, operating at 300 kV, equipped with a Field Emission Gun (FEG), spherical aberration corrector system (Cs-corrector) of the objective lens. The samples were prepared by drop-casting 40 mL of the colloidal solution onto carbon coated 300 mesh copper grid and le to evaporate at room temperature. 
Results and discussion
Substrate processing and characterization
Direct laser writing is a very straight-forward technique, allowing for a variety of reproducible 2D patterns on cyclic olen polymers (COP) lms to be created through optimization of the laser processing parameters. Various patterns are demonstrated in Fig. 2a to d, including cross hatch pattern (Fig. 2a) , a spiral pattern (Fig. 2b ), text pattern ( Fig. 2c ) and light texture pattern (Fig. 2d ). These were obtained with direct laser writing using the noted 1064 nm Nd:YAG laser. Top and bottom right images represents the 3D prole of patterns obtained for (a), (b), (c) and (d) respectively. The description of laser parameters utilized for each of the pattern are listed in the Table 1S ESI. † Our group was the rst to report the fabrication of patterned structures on optically transparent 188 mm thin COP lm via a simple laser assisted technique in ambient atmosphere without the need of controlled gas chambers. 24 This technique offers a low cost, innovative and exible route to fabricate different patterns with varied features (size, shape, morphology, etc.) by tuning laser parameters (such as laser uence and number of passes). Under optimized conditions, we have developed the fabrication process along with a soware capable of converting the test patterns into the format readable by the laser direct writing system. To realize the application of these generated substrates in a lab-on-a-chip/biosensor format, several test experiments (not reported here) were performed to optimize the generated pattern. 24 The principal criteria taken into consideration were the wettability, roughness, reproducibility and ease of functionalization. With these in mind, the fabrication routine was nalized. Fig. 3 shows the optical micrograph of the nal patterned substrate obtained aer laser processing. The SEM images of the microchannels are presented in Fig. 3: top view (Fig. 3b) , a tilt of 10 ( Fig. 3c) , and cross section view of a single channel (Fig. 3d) . These channels were 70 mm wide, 60 mm deep, clean and uniform microchannels, with a 200 mm interchannel distance.
Measurements using 3D prolometry (Fig. 3e inset) revealed a V-shaped prole of microchannels, consistent with theoretical predictions. 25 It should be noted that in some cases, due to light ray blockage the 3D prole measurement of the channels compared to SEM measurement, does not give highly precise depth of channels. Some re-cast ablation melt can be seen on the crests of the channels, however, this can be minimized by carrying out the laser processing within the range of uence examined.
With optimum thermal diffusion at the ablation site, localized melting of condensed debris can be induced. Based on the control experiments (refer Fig. 2S in ESI †), the optimal laser conditions for laser processing of COP was a uence of 0.63 J cm À2 and a pulse width of 700 ps. These conditions were above the ablation threshold (of approximately 0.32 J cm À2 ) but not sufficient for any laser induced damage to occur. From a manufacturing standpoint, it is desirable to have micro/nano-scale features that can be scaled up to large areas at low cost and high throughput. Under the optimized condition, our low-cost patterning technique can be readily applied for large-scale uniform pattern production. In that regard, we have identied and tested the laser set-up parameters that can be incorporated into our current laser experimental setup to produce uniform patterning geometries over large areas. One of the key parameters was to introduce a cold plate under the motorized stage to ensure uniform thermal environment and minimize the heat buildup in the processed area at higher u-ence and at longer processing times. Utilization of the cold plate reduced the localized damage which otherwise lead to substrate warping and the appearance of large bubble-like formations 24 To investigate the effect of laser ablation on surface chemistry of the COP, X-ray photoelectron spectroscopy (XPS) analysis was performed. Wide-scan XPS spectra conrmed the absence of any impurities induced in the samples during preparation or measurement (Fig. 1S ESI †) . Fig. 4 represents the high resolution scan for the core level photoemission spectra of C 1s spectra obtained on (a) pristine and (b) laser textured COP substrate. Data analysis and curve tting were performed using CasaXPS soware. The C 1s carbon component and corresponding peak were all tted with Lorentzian peaks convoluted with the same Gaussian employed for broadening the sp 2 related peak. The Gaussian component accounts for the instrumental energy resolution together with any chemical disorder, and the Lorentzian width accounts for the nite core hole lifetime associated with the photoionization process. The background photoelectron intensity was subtracted by the Shirley method. As expected, a saturated hydrocarbon peak at $285.0 eV characteristic of C-C from the COP polymer was recorded for both the pristine and laser treated samples. This is as a result of adventitious carbon generally comprised of polymeric short chains. 26 However, the asymmetric C 1s spectrum could be tted with two main peak components with binding energies of about, 285.0 AE 0.2 eV and 286.3 AE 0.2 eV, attributable to the C-C/C-H and C-O species, respectively. This may be as a result of surface thermal oxidation, similar to that reported in literature, 27 which in our case is induced during the laser processing. To eliminate the possibility of other functional groups, and conrm the presence of C-O bond, we performed NMR analysis.
The obtained 1 H-NMR, Correlation Spectroscopy (COSY) NMR
and Heteronuclear Multiple Quantum Coherence (HMQC) NMR spectra conrmed the presence of the C-O-H hydroxyl moiety in the sample (Fig. 3S, 4S , 5S respectively in the ESI †).
Surface modication
Plasma treatment is widely used to impart hydrophilic characteristics onto surfaces to facilitate and promote further surface functionalization. Pristine COP lm has a water contact angle (WCA) of 88 , is effectively self-passivated and under atmospheric exposure undergoes minimal oxidation. Systematic investigation was carried out to study the effect of the different plasma treatment on surface wettability by conducting WCA measurements. Additionally, WCA measurements were performed aer 5 day post-plasma treatment to study the stability of the induced hydrophilicity and its recovery over time. Fig. 5 shows the initial and 5 day post-treatment water contact angle of the 188 mm COP sheet aer different plasma treatments. It is clearly observed that all the treatments result in rapid decrease of the water contact angle from 88 to $20-30 but this increased progressively over the course of the 5 day measurement period (Fig. 6S in the ESI †) . In case of Ar/O 2 RIE treatment, WCA return to the highest value ($73 ), while the 5 minute plasma clean, both with and without the piranha (sulphuric acid/hydrogen peroxide at 4 : 1) etch treatment, stabilized at 60 . The 10 minute O 2 plasma clean had the lowest treated contact angle but recovered aer ve days to a value ($70 ),
close to that of the Ar/O 2 RIE sample. Characterizing the duration of the plasma-induced hydrophilicity is critical for mapping out a stable working window to perform further surface functionalization. Traditional polymers like polydimethylsiloxane (PDMS) have been reported to recover its wettability characteristics readily over time, 28 thereby making them less desirable for applications requiring multiple functionalization. These results indicate the possibility of controlling and retaining the surface hydrophilicity of COP substrates for extended measurement periods when performing surface modication.
Nanoparticle synthesis and characterization
Carbon nanoparticles (CNps) were prepared in DI water by ablating high purity grade (>99.9995%) graphite with 1064 nm laser pulse (Fig. 6a) . Optical properties of the ligand-free CNps synthesized in DI water aer 30 min of irradiation were investigated (see Fig. 6b) .
A broad continuous band between 200 nm and 500 nm is observed (blue line) with a distinctive shoulder at around 260 nm. The observation of characteristic absorption peak at wavelength of 260 nm and strong background absorption at wavelength up to about 500 nm establishes the successful generation of CNps with average size less than 50 nm. 29, 30 Moreover, the CNp colloid was excited at 360 nm to record photoluminescence spectra (Fig. 6b) . A strong blue-green photoluminescence centered at around 430 nm was observed which is in accordance with previously reported works which shows luminescence from CNps due to radiative recombination of excitons at the particle surface during plasma assisted generation.
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Transmission electron microscopy was performed to obtain detailed information about the morphology and size distribution of the CNps in DI-water. TEM images in Fig. 7a shows an overall size distribution of CNps colloid (2-100 nm) obtained by PLAL with corresponding size histogram, Fig. 7b represents NPs of size 10-50 nm. NP of size around 2-5 nm are shown in Fig. 7c and d gives insight in crystallinity of single NP.
Non-agglomerated and isolated CNps with a spherical morphology were observed. The TEM analysis (Fig. 7a ) reveals size distribution of CNps from 2 to 100 nm with a mean size of around 30 nm were produced via PLAL of graphite in DI water. Given the peculiarity of sample preparation of TEM grid (i.e. drop-casting colloidal NP solution onto carbon grid), nonlocalized distribution of NP sizes can be observed. For example, uniformly distributed NP of size 10-50 nm and $2.5 nm can be seen in Fig. 7b and c respectively. Well-resolved lattice fringes are observed in high-resolution TEM images, corresponding to interplanar spacing values of 0.32 nm (Fig. 7d  inset) , which are close to (002) diffraction planes of graphite carbon 32 indicating the graphitic nature of the CNps. The obtained nanoparticle solution was then drop-cast onto plasma modied laser textured COP and examined via SEM (Fig. 7S in the ESI †) . Further biocompatibility studies were performed on the NP functionalized substrate (discussed in Section 3.4.) and its potential use as model biomimetic platform for applications from sensing, to wearable or implantable devices, and to fundamental studies of cell growth and interactions.
Biological studies
To realize the application of any substrate as a possible biomimetic platform, it is very important that the developed platform aids in cell proliferation, growth and differentiation. Therefore, the effect of CNp functionalized laser textured substrates was investigated by culturing HaCaT cells on these test surfaces for 7 days. In this study, HaCaT cells were used as the biological model. This cell line is a well-described model to study the topographical inuence on cell morphology and the organization of the cytoskeleton. Impact on surface topography was characterized in terms of the cell density and viability aer 7 days incubation. The cell nuclei were stained with NucBlue Live ReadyProbes Reagent and orescence microscopy was performed to visualize the cell density and nuclear morphology (Fig. 8 ). Denser population of cells can be seen inside the channel compared to non-textured area between the channels. This preferential growth of the cells on the textured microchannels can be attributed to the combined effect of induced oxygen groups on COP due to laser processing as discussed in Section 3.1., increased roughness and surface area.
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The viability of HaCaT cells grown for 7 days on our patterned surface which was functionalized with laser generated NPs was investigated by a live/dead viability assay. The live/ dead viability assay showed that most of the cells were viable on the patterned NP functionalized surface (green) (Fig. 9a) with few circled dead cells represented in red (Fig. 9b) .
The live/dead viability assays revealed healthy proliferation of cells well spread on the test substrate with high proportion of live cells. It should be noted that a high density of live cells was observed primarily in the textured microchannels. Additionally, good cell adhesion and cytoplasmic extension of keratinocyte cells can be seen (Fig. 9a) . The high cell numbers with normal nuclear morphology and high viability aer 7 days incubation suggest that our low cost and simple approach can be utilized to fabricate substrates for studying complex cellular interactions or cell responses without the use of any complicated multi-step lithographic processes.
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Following the cell viability and proliferation studies, further measurements were performed on the test surfaces to study the effect of different concentration of PLAL CNps on HaCaT cells (Fig. 10) . The CNps were obtained for this study were produced by same technique as described in Section 3.3. It should be noted that to achieve comparative nal surface composition, the amount of nanoparticle solution of different concentrations deposited on each surfaces' was kept constant i.e. 1 mL/1 cm 2 . Not many studies have evaluated concentration dependent toxicity effect of CNps on HaCaT cell line; most of the reported ndings are conned to multi or single wall carbon nanotubes (CNTs) 35, 36 Our examination revealed that aer 7 days exposure of HaCaT cells to 2.4, 6.0, 12, 36, 48 mg mL À1 CNps, no signi-cant difference in the cell growth was observed (refer Table 2S in ESI †). The shape of the cell nuclei were round and appeared healthy even for the highest dose (48 mg mL À1 ) of CNps. In control experiments performed using non-textured nonfunctionalized COP substrates, cells did not appear to attach and proliferate compared to the NP functionalized and textured surfaces ( Fig. 8S in ESI †) . Taken together, these results validate that our test surfaces facilitate proliferation of HaCaT keratinocytes and induce the preferential growth in the laser textures microchannels. Therefore, these surfaces can be a promising candidate to investigate and mimic cells responses on biocompatible surfaces providing favorable physical/chemical characteristics.
Additionally, the properties of our platform can be tuned by functionalizing with different nanoparticle material to impart desired properties, thus presenting a versatile biocompatible platform. For proof of concept, titanium oxide (TiOx) and silicon oxide (SiOx) nanoparticles were chosen as a result of their successful demonstration in advanced applications such as bio-sensing, diagnostic and therapeutic applications. TiOx NPs and SiOx NPs were prepared with same technique as for CNps discussed previously i.e. PLAL in DI-water by ablating targets of titanium and silicon respectively. Subsequently, similar set of biocompatibility studies were performed on TiOx NPs and SiOx NPs functionalized substrates as for CNps discussed in the above section. Similar results were observed, and no evident cytotoxicity was recorded (Fig. 9S in ESI †) .
Conclusions
A simple, innovative and low cost biomimetic platform based on laser processing and nanoparticle functionalization has been developed. Clean, uniform microchannels with tunable depth and width were successfully generated on an optically transparent polymer with an industrial 1064 nm Nd:YAG laser. Substrate surface chemistry was revealed by water contact angle measurements, XPS and NMR spectroscopies. Ultrapure and ligand free carbon nanoparticles were produced by pulsed laser ablation in DI water and were deposited onto laser textured surface to create a functional bio-platform. Cell attachment, viability and live/dead assay with HaCaT cell line demonstrated the biocompatibility of the developed substrate. The results on effect of CNps dose on cultured HaCaT keratinocytes revealed that particles concentration up to 48 mg mL À1 did not induce any toxic effects or cell damage. These results open up new challenging future work on examination of a wide range of potential applications of these platforms for biosensing and diagnostics. With the current technological advances, this innovative laser processing technology in future when combined with microuidic device or thin lm chromatographic systems may present novel design of optical biosensors for detection/separating pathogens, drugs and other chemical or biological species.
